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Summary 
With the development of wireless LAN and VoIP 
technology, economical build-up of infrastructure in the 
rural areas of developing countries is now emerge in as a 
real possibility.  In this milieu, we conducted an 
experiment at Thai National Mae Fah Luang University 
(MFLU) located in the outskirts of Chiang Rai in Northern 
Thailand, in collaboration with Thai Electronics and 
Computer Technology Center (NECTEC), where we 
verified the viability of mobile wireless IP telephony and 
WIPAS (Wireless IP Access System) developed by NTT . 
This paper reports on the demonstration experiment of 
FWA (Fixed Wireless Access), and in addition, based on 
its results, examines the means of aligning WIPAS, 
wireless IP telephony and cellular network, and proposes 
the adoption of mobile  wireless IP telephony in the rural 
areas of developing countries, which provides the mobility 
with the application of FMC (Fixed Mobile Convergence).  
1．Introduction 
“Missing Link” which was reported by the  
independent committee of the International 
Telecommunications Union (ITU) in 1984  pointed  out 
the disparity between developed and developing countries, 
as well as between urban and rural areas within the 
developing countries in terms of the level of 
telecommunication available.  However, at present the 
disparity between urban and rural areas of the developing 
countries is more of an issue, rather than between 
developed and developing countries.  This is due to the 
fact that build-up of access systems requires a tremendous 
amount of investment, and its cost is hampering the 
penetration  of telephone in the developing countries, 
particularly in rural areas where the population is more 
dispersed.  In response, ITU World Telecommunications 
Forum in 2001 adopted a resolution calling for “promotion 
of IP telephony,” as it enables the developing countries to 
build low-cost telephone network.  Fixed line IP 
telephony has actually been introduced in the rural areas of 
some developing countries.  Meanwhile, in the developed 
countries, IP telephony system with wireless LAN and 
portable wireless IP telephone terminal is beginning be 
introduced commercially for enterprises.  In this context, 
we conducted verification tests for mobile wireless IP 
telephony in the so-called Golden Triangle are in the 
northern Thailand〔１〕～〔4〕. 
 
In this paper, we have reviewed the viability of FWA 
technology with IEEE802.11b (hereinafter “Wi-Fi”;  
name adopted by the certification  organization) and 
wireless broadband access system, as well as mobile 
centrex and FMC technologies as a means to connect to 
PLMN (Public Land Mobile Network) and PSTN (Public 
Switched Telephone Network) in the rural areas in 
developing countries, such the Mekong River region.  As 
a result we are proposing a rural telecommunication 
system with mobile wireless IP telephony, which allows 
for mobility equal to cellular phone and enables the use of 
various application services on the Internet, rather than just 
being a substitute for fixed telephony. 
2．Rural Telecommunications Networks Today 
2.1 Disparity between urban and rural areas 
 Many of the capital and major cities of the developing 
countries now have cellular phones, international 
telecommunication and Internet available.  However, in 
rural areas, many are without the benefit of cellular phone 
or fixed line telephone, let alone the Internet.  The central 
issue is shifting from disparity between developed and 
developing countries to between urban and rural areas of 
within developing countries.  When compared with Japan, 
the availability of telephone service within developing 
countries is more concentrated in urban areas.  In 
Vietnam, for instance, Hanoi and Ho Chi Minh account for 
10% of the population, but 40% of the telephone 
subscribers  is concentrated in these two cities.  As 
shown in fig.1, the population in rural areas is much larger
〔5〕. Particularly, in Mekong basin countries which has 
close relationships with Japan through ODA (Official 
Development Aid), clearly there are more people living in 
the rural areas.  Providing telecommunication services to 







Figure 1 Ratio of rural population in Mekong Basin countries 
2.2 Access network 
 In the afore-mentioned ITU “Missing Link” report 20 
years ago, it was pointed out that there was no viable 
telecommunication technology  for  remote,  sparsely  
 
populated areas, where the cost of subscriber line was 10 
times higher than urban areas, accounting for 80% of the 
total cost as opposed to 40%.  Reduction of the cost of 
building access network in rural areas is still an important 
issue today [6]. Multiplex transmission over fixed metallic 
subscriber line, fiber optic subscriber line, wireless MAS 
(Multi-channel Access System), VSAT (Very Small 
Aperture Terminal) and LEO (Low Earth Orbit) systems 
were implemented, but due to cost and operability issues, 
their uptake was limited.  On the other hand, cellular 
phone which provides  mobility, Internet access and mail 
capability, has now become available worldwide, bringing 
down the cost and gradually penetrating not only urban but 
rural areas of developing countries as well.  In addition, 
there have been attempts to use fixed-type IP telephone 
with wireless LAN in rural areas conducted in Laos, 
Bhutan and other countries〔7〕, 〔8〕. In Thailand, NECTEC 
implemented a wireless IP system called Rural Wireless 
Broadband Access (RWBA), specifically designed for 
rural areas〔9〕. 
2.3 Current status and characteristics in the region 
Many of the developing countries in Asia-Pacific region 
are trying to build up their telecommunication 
infrastructures through ODA from Japan and other means.  
The current telecommunication service environment is 
indicated in Table 1. Construction of their 
telecommunication infrastructures also requires 
consideration of various factors listed in Table 2.  





















3．Demonstrating Viability of FWA 
3.1 Configuration of demonstration 
Demonstration experiment was conducted in the 
facilities inside MFLU as shown in Fig. 2, and the 
operability of mobile wireless IP phone system in the 
campus was verified.  16 access points were set up, 
focusing on the areas where high traffic was anticipated, 
such as educational affairs department counter, dining hall 
and meeting rooms.  Internal LAN is a 100BASE-FX 
with optical fiber.  MFLU is connected to the 
inter-university network in Thailand (UniNET) and 
academic network (ThaiSARN) through optical fiber.  In 
the experiment, we asked for volunteer monitors from 
faculty, staff and students, and provided them with 75 
mobile  IP phone terminals, and it was conducted for four 
months from October 2004. 
Also, in order to verify some effective means of 
expanding the system to adjacent areas, an elementary 
school about 2.3  kilometers away was included, using 
WIPAS, a high-speed broadband wireless system 
developed by NTT and introduced in Japan as entrance 
circuit. Specifications of WIPAS are shown in Table 3. 
Same access point as the university was set up in the 
school, enabling the use of internal phone call with the 
university through wireless IP telephone. In addition, the 
computers connected to the phone line were linked to the 
university LAN via WIPAS, enabling comfortable Internet 
environment. A web camera was set up in the elementary 
school, enabling remote monitoring of the location of 
WIPAS. 
For power supply, a combined unit of solar and lead-free, 
long-lasting and safe LiMn batteries was installed, and its 













Figure 2  Network configuration of the demonstration 











3.2 Verification of operability 
(1) Voice over wireless LAN (Wi-Fi) 
Unlike the traditional wireless LAN system 
specifically designed for data transmission, in order to 
enable the use of voice terminals, following points were 
taken into account in designing the system in this 
experiment.  The operability  was verified. 
・To assure real-time voice communication, a dedicated  
for voice was set up, and access point was installed, 
separating voice and data. 
・The number of terminals to be covered by one access 
point was limited to under 10 and fall-back was restricted 
to maximize the output. 
・Each terminal is assigned fixed IP address, and handover 
between access points was realized with common-key 
encryption which has a short processing time.  
(2) Verifying operation of WIPAS 
 A system was created which allow collection of climatic 
data, e.g. rainfall, temperature, wind velocity, as well as 
operational monitoring data such as number of packets 
transmitted and received, the level of received signal 
through VPN from Japan.  Fig. 3 has sample number of 
packets transmitted and received.  Teachers at the 
elementary school say the pupils are accessing the Internet 
a lot in the morning, and the traffic shown in Fig. 3 
corresponds to this. 15 PC's at the elementary school were 
connected to WIPAS, but the peak for Fig. 3 is around 
2,000 packets per every 10 seconds, which corresponds to 
2.4Mbit/s (assuming the Ethernet Frame to be maximum 
1500 Bytes).  Fluctuation becomes large when counted on  
per a second basis, but WIPAS (P-P) has a capacity for 32 
Mbit/s, so this range of traffic at the school should pose no 
problem. 
The demonstration experiment was conducted during 
dry season, so there was no receiving signal error due to 
rainfall.  WIPAS operated without any problems.  
Experiment with WIPAS in continuing, so as to verify its 
operation in rainy season.   Rain rate measured by 
weather monitoring device installed in WIPAS, as well as 
sample error rate observed are shown in Fig. 4.  Incoming 
signal level of 26GHz WIPAS is normally -53dBm due to 
spatial propagation loss with 2.3 km propagation distance, 
but when it is raining heavily over 100 mm/hour, it goes 
below -70dBm due to attenuation by rainfall.  Incoming 
signal level below -75dBm causes deterioration in 
receiving signal error ratio, connection is dropped, 
rendering it unusable.  However, as shown in Fig. 4(a), 
the duration of time of more than 100mm/hour rain is only 
a few minutes.  This will hinder voice communication 
and web access that require real-time response, but 
sending/receiving mail is not damaged,  as it allows for 
several minutes of delay.  Continued observation is 

































Figure 4  Rain rate, Signal level and BER 





Solar panels in the school 
Figure 5  Photographs of WIPAS、and solar panel   
(3) Independent power supply system 
For the independent power supply indispensable in the 
Mekong region, where there are spots with no power, solar 
panel and lead-free, long-life and safe LiMn batteries are 
combined, and the following items, as well as 
compatibility with WIPAS was tested: 
・Solar panel generating capacity: 48V 2A(when sunny) 
・Unit power output:  24V 0.5A、7.5V 0.5A 
・Operating time:  Over 8 hours without sun 
(Thai ENTEC solar panel used) 
3.3 Evaluation of FWA 
(1) Potentiality for area coverage 
The configuration for demonstration experiment shown 
in Fig. 2 could simulate MFLU as center of a village, and 
the elementary school 2.3 km away as sub-village.  In 
rural areas, usually optical fiber or metallic cable are 
installed in public buildings such as village administration 
building or schools located at the center of village.   
Connecting the center and sub-village with WIPAS is 
enabling wider coverage area.  There are approximately 
70,000 villages in Thailand, and their average land area is 
7.7 square kilometers(σ:4.9km2) 〔10〕. Since the operation 
of 2.3 km-entrance circuit  was verified, it means most of 
the villages can be included. With WIPAS, one can 
combine point-to-point and point-to-multi-point types, or 
connecting multiple point-to-point systems in tandem, 
extending   relayed distances〔11〕, which makes it possible 
to cope with villages with different geographical shapes. 
(2) Securing power source; ease of installation 
   Generally, power is more widely available than 
telephone.  In Thailand, 97% of villages have power, and 
so do 65% of rural areas in Vietnam〔12〕.  Commercial 
power supply is pre-requisite for location of Gateway 
(IP-PBX or mobile centrex), but location of WIPAS and 
Wi-Fi needs to anticipate the possibility of no power, these 
do not require high power like traditional telephone 
switching systems  did.  In places without power, solar 
power with simple solar panel or small, light-weight 
Manganese Lithium-ion type batteries such as the one used 
in the demonstration experiment may be used.  For 
cellular terminals, portable solar power charger is 
commercially available.  
Installation of the system including power supply is 
easy.  In the experiment, once all the supplies were in 
order, one pair of WIPAS and 16 Wi-Fi access points were 
installed for two days.  
(3) Remote maintenance capability  
Since it is rural area, remote monitoring and control 
function is indispensable.  In the demonstration, the local 
system was connected to Tokyo via Internet VPN, in order 
to collect data on operation and climate information, and 
to be able to cope with problems if they arise.  When 
large-scale wireless LAN or FWA is implemented in rural 
areas and have them connected to public cellular and fixed 
networks, an integrated network management system will 
be needed.  For this type of network management, a 
reference model shown in Fig. 6 is feasible.  SNMP 
(Simple Network Management Protocol) may be applied 
to wireless LAN devices such as access points and WIPAS, 
thereby enabling build-up of a management system easily 
in a short period of time. 
   Figure 6  Reference model for network management 
4. Proposal for FWA and Cellular Connection by FMC 
 In order to use the IP network realized with the 
afore-mentioned FWA for voice communication, and to 
communicate with parties outside of community, link to 
public telephone networks is indispensable.  Response 
from the monitors in the experiment also indicated a 
strong desire to be connected to public cellular and fixed  
phones.  Following is a proposal to realize such demand. 
4.1 Gateway with mobile centrex 
In the Mekong countries, IP telephones do not have 
dedicated numbers (e.g. “050” in Japan).  Thus in order 
to implement IP telephone, a gateway as indicated in Fig. 
7 is needed.  This gateway’s functions can be attained 
with mobile centrex which has VoIP, SIP and 
authentication server’s functions.  While this mobile 
centrex system is beginning to be introduced in large-scale 
enterprises in corporations in developed countries, it can 
also be applied in rural areas of developing countries.  
Many developing countries have regulated VoIP services, 
but there would be no problem if mobile centrex is 
installed in each message area so that it does not affect the 
existing tariff system.  In addition, many mobile 
centrex’s have a function which transfer incoming calls to  
a cellular number when called terminal is outside Wi-Fi 
coverage area.  Mobility can be expanded by using dual 
terminals with Wi-Fi and cellular (WCDMA/GSM).  The 
calls are automatically forwarded to cellular network even 
when outside its own Wi-Fi coverage area, which  
increases the level of convenience.  This is all possible 











Figure 7  Connection by gateway with a mobile centrex 
4.2 Integration of cellular and Wi-Fi networks 
  Fig. 8 shows the method where wireless IP phone is 
assigned a cellular number, and when it is outside cellular 
coverage area, it is connected through fixed IP network.  
Within its own Wi-Fi coverage area, it is connected via 
wireless LAN.  In cellular network, HLR (Home 
Location Register) keeps the area where each subscriber is 
located (the location area).  When the subscriber moves 
and the area changes, the HLR is also updated to a new 
area code.  As one of these location areas, “home  Wi-Fi 
area ” is added.  With this system, when at home, 
connection via Wi-Fi is possible.  Outside, it is connected 
via existing cellular network.  When the terminal detects 
Wi-Fi radio signal over certain threshold, it notifies the 
cellular network through IP network that it is located in its 
own “home Wi-Fi area.”   
British Telecom’s “BT Fusion” which was 
commercially launched this year, aiming at FMC seems to 
run on the same algorithm〔13〕. GW in Fig. 8 converts the 
telephone number to IP address, and connects to a 
designated access point.  However, BT Fusion currently 
uses Bluetooth, rather than Wi-Fi, as UMA (Unlicensed 
Mobile Access Network). 
However, since regional IP network is not built 
sufficiently in developing countries, they would use the 
public Internet in more cases.  In this case, it may be 
difficult to assure QoS of voice communication.  
Network infrastructure to cope with demand for the 
Internet is needed.  Also, BT Fusion had difficulty 
realizing seamless handover between Bluetooth and GSM, 
in rural areas where there is no cellular service available, 








Figure 8  Integration of cellular network and Wi-Fi 
4.3 Evaluation of FMC 
 4.1 and 4.2 methods are compared in Table 3.  
Applicability is reviewed based on this comparison. 










(1) Convenience of service 
   Fixed IP telephony has no mobility, and it is simply a 
substitute for fixed telephone.  This alone can provide 
telephone and internet, improving the level of convenience.  
When mobile centrex and Wi-Fi/cellular dual terminal are 
added, it would be possible to use it when moving within 
the Wi-Fi coverage area.  The level of convenience is 
about the same as cordless phone.  If the forwarding 
function of mobile centrex is used, it can be used outside 
Wi-Fi coverage area, gaining mobility equal to that of 
cellular phone. 
(2) Efficiency and rationality 
However, in the case of Fig. 7, if user leaves his/her 
own village often, forwarding occurs frequently.  
Needless to say, the capacity of interconnection between 
gateway and fixed telephone network is small in rural area.  
Going both direction with mobile centrex, it is inefficient 
since connection line resource is used twice.  For better 
resource utilization, it makes more sense to include and 
manage the Wi-Fi coverage area (Fig. 8). 
(3) Directory number and additional software function 
  It is more reasonable to assign a cellular number for 
telephone that provides mobility to the user.  Cellular 
phones are becoming available in rural areas as well.  It is 
desirable to use cellular number as connecting number in 
developing countries.  In Fig. 8, if this becomes cellular 
coverage area, it can migrate with the same phone number. 
(4) Feasibility for quick implementation 
System outlined in Fig. 7 is possible with existing 
technology and products.  Service can be provided with 
survey of existing telecom infrastructure in the area where 
this is to be introduced, design and installation of the 
system only.  For those villages with urgent needs, this is 
appropriate.  System in Fig. 8 requires additional 
software functions, but they are similar to those in BT 
Fusion.  
5. Possibilities for Applications 
  In the demonstration experiment in northern Thailand, 
MFLU was connected via WIPAS with an elementary 
school nearby, and the broadband environment of the 
university was provided to this school.  The school had 
been connecting 15  PC’s to one telephone line, but 
through this experimental setup, they were able to provide 
more readily available IT education.  In addition, 
e-learning library, real-time monitoring and video 
conferencing with web camera were provided.  Cellular 
handsets with browser function is becoming available in 
the market, and once FMC is realized and services with 
mobility are provided, possibilities for applications are 
going to expand beyond education field.   
  If effective application development is carried out in the 
Mekong Basin, it can contribute towards the development 
of telecommunication infrastructure and industries, better 
government services, as well as protection of natural 
environment.  Local products and tourist information can 
be put on the web and provided to urban areas, and 
purchase and request may be made online as well, using 
this for management of community or tourist businesses.  
Broadcasting from various databases must be feasible for 
community use in rural area. Also, they can develop a new 
system of predicting floods, observation of climatic 
conditions such as global warming.  It could also be 
utilized as emergency communication channel at the time 
of natural disasters such as tsunami or typhoon.  
   With business models, applications and contents 
appropriate for the local communities, the value chain for 
information / telecommunication businesses 〔 14 〕  will 
function better and develop even further. 
6. Conclusions 
   We have made a proposal for a rural 
telecommunication system targeted at expansion of 
telecom infrastructure in rural areas of developing 
countries, utilizing cellular and fixed telephone, wireless 
LAN (IEEE 802.11b), and cellular/Wi-Fi dual terminals. 
   In the demonstration experiment, we verified the 
operation of mobile wireless IP telephony under the local 
environment.  We also verified normal operation of 
WIPAS point-to-point with 2.3 km.  We collected rainy 
season squall data.  Through these results we were able to 
obtain a good prospect for application of this FWA with 
combined Wi-Fi and WIPAS.  We will still need 
continued measurement in order to obtain annual 
unavailability ratio. Also, we have to watch the 
development of WiMAX and compare it with this FWA. 
   In addition, we proposed two methods of FMC 
regarding interconnection between FWA and the public 
telephone networks.  For those areas with urgent needs, 
the method of forwarding from WiFi to cellular network 
with the use of mobile centrex, already existing and 
readily available (Fig. 7) would be more appropriate.  
The integration method (Fig. 8) should also be 
implemented at the same time.  With the integration 
method, one can use the same number when the cellular 
coverage becomes available in the area.  These FMC 
methods are currently developed for corporate and urban 
users in developed countries, but we believe its true 
strength is brought out when implemented in the rural 
areas of developing countries, where there is no choice 
available for telecommunication services.  
  This proposal which combines FWA and FMC is a 
means that attempts to have the large-scale, nationwide 
cellular network and local, small-scale wireless LAN 
collaborate and fuse with each other, and it provides 
superior convenience.  It is possible to implement in a 
short period of time, and it is provides the capability to 
cope with localities with no power supply, and remote 
maintenance.  Furthermore, through using the Internet 
over this infrastructure, people will be able to develop 
various applications for tourism, environmental protection, 
education and government services that are needed in each 
local community.  It is a system most appropriate for not 
only Mekong countries, but any rural area in developing 
countries.  It is also more economically feasible for 
implementation than traditional rural telecommunication 
system〔15〕, but this still requires further investigation for 
various cases of implementation. 
If mobile  wireless IP telephony combined with FMC 
which is being implemented in developed countries is 
applied to the rural areas, it could also serve to eradicate 
the digital divide. 
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